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Arabidopsis DeoxyHypusine Synthase 
(DHS) Predicted Sequence 



GMCTCCCAAMCCCTCTACTACTACACTTTCAGATCCAAGGAAATCAATTTTGTCATTCGAGCAACATGG 

M 

AGGATGATCGTGTTTTCTCTTCGGTTCACTCMCAGTTTTCAAAGAATCCGAATCATTGGAAGGAAAGTGT 
EDDRVFSSVHSTVFKESESLEGKC 
GATAAMTCGMGGATACGATTTCAATCAAGGAGTAGATTACCCAAAGCTTATGCGATCCATGCTCACCAC 
D K I EGYD FNQGV D Y PKLM RSM LTT 
CGGATTTCMGCCTCGMTCTCGGCGMGCTATTGATGTCGTCMTCAAATGGTTCGTTTCTCGAATTCAT 

GFQASNLG EAIDVVNQM 
CAAAMTAAAMTTCCTTCTTmGTmCCmGTmGGGTGMTTAGTMTGACAMGAGTTTGAATT 

F E F 

TGTATTGAAGCTAGATTGGAGACTGGCTGATGAAACTACAGTAGCTGAAGACTGTAGTGAAGAGGAGAAGA 

VLKLDWRLADETTVAEDCSEEEK 
ATCCATCGTTTAGAGAGTCTGTCMGTGTAAMTCTTTCTAGGTTTCACTTCAAATCTTGTTTCATCTGGT 
NPSFRESVKCKI FLGFTSNL VSSG 
GTTAGAGATACTATTCGTTATCTTGTTCAGCATCATATGGTTTGTGATTTTTGCTTTATCACCCTGCTTTT 

VRDTIRYLVQHHM 
mTAGATGTTAAMTmCGAGCmAGTTTTGAmCMTGGTTmCTGCAGGTTGATGTTATAGTCA 

V D V I V 

CGACAACTGGTGGTGTTGAGGAAGATCTCATAAAATGCCTTGCACCTACATTTAAAGGTGATTTCTCTCTA 
TTTGGVEEDLIKCLAPTFKGDFSL 
CCTGGAGCTTATTTMGGTCAMGGGATTGMCCGMTTGGGAATTTGCTGGTTCCTAATGATAACTACTG 
PGAYLRSK GLN RIGNLLVPNDNYC 
CMGTTTGAGGATTGGATCATTCCCATCTTTGACGAGATGTTGMGGMCAGAMGMGAGGTATTGCTTT 

KFEDW I I P I FDEMLKEQKEE 
ATCmCCTTmATATGAmGAGATGATTCTGmGTGCGTCACTAGTGGAGATAGATTTTGATTCCTC 
TCTTGCATCATTGACTTCGTTGGTGMTCCTTCTTTCTCTGGTTTTTCCTTGTAGAATGTGTTGTGGACTC 

N V L W T 

cttctamctgttagcacggctgggaaaagaaatcaacaatgagagttcatacctttattgggcatacaag 
pskl larlgke i nnessylyway k 
gtatccaaaattttaacctttttag i i ii i i aatcatcctgtgaggaactcggggatttaaattttccgct 
tcttgtggtgtttgtagatgaatattccagtattctgcccagggttaacagatggctctcttggggatatg 

m n.i pvfcpgltdgslgdm 
ctgtattttcactcttttcgtacctctggcctcatcatcgatgtagtacmggtacttcttttactcaata 

lyfhsfr tsgli idvvq 
agtcagtgtgatamtattcctgctacatctagtgcaggaatattgtaactagtagtgcattgtagctttt 
ccaattcagcaacggactttactgtaagttgatatctaaaggttcaaacgggagctaggagaatagcatag 
gggcattctgatttaggtttggggcactgggttmgagttagagaataataatcttgttagttgtttatca 
mctctttgatggttagtctcttggtmtttgmttttatcacagtgtttatggtct1tgaaccagttaat 
gttttAtgaacagatatcagagctatgaacggcgaagctgtccatgcaaatcctaaaaagacagggatgat 
diramngeavhanpkktgmi 
aatccttggagggggcttgccaaagcaccacatatgtaatgccaatatgatgcgcaatggtgcagattacg 

i lggglpkhh icnanmmrngady 
ctgtatttataaacaccgggcaagaatttgatgggagcgactcgggtgcacgccctgatgaagccgtgtct 
avfintgqefdgsds garpdeavs 
tggggtaamttaggggttctgctaamccgttmggtctgctttttmtttcttcacatcctaatttata 

w g k i r g s aktvkvcflisshpnly 
tctcactcagtggttttgagtacatatttaatattggatcattcttgcaggtatactgtgatgctaccata 

L T Q W F 

GCCTTCCCATTGTTGGTTGCAGAAACATTTGCCACAAAGAGAGACCAAACCTGTGAGTCTAAGACTTAAGA 
ACTGACTGGTCGTTTTGGCCATGGATTCTTAMGATCGTTGCTTTTTGATTTTACACTGGAGTGACCATAT 
MCACTCCACATTGATGTGGCTGTGACGCGAATTGTCTTCTTGCGAATTGTACTTTAGTTTCTCTCAACCT 
AAMTGATTTGCAGATTGTGTTTTCGTTTAAMCACMGAGTCTTGTAGTCMTMTCCTTTGCCTTATAA 
MTTATTCAGTTCCMCAACACATTGTGATTCTGTGACAAGTCTCCCGTTGCCTATGTTCACTTCTCTGCG 

FIG.2A 
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FIG. 5 
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Northern analysis of DHS on 
tomato flowers 

Blossom 
and 

Bud Senescence 



RNA 



Northern 




FIG. 6 
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NORTHERN ANALYSIS OF DHS 
ON DEVELOPMENTAL STAGES OF 
TOMATO FRUIT 

RIPE 

BREAKER PINK (RED) 



NORTHERN 
BLOT 




FIG. 7 
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Northern Analysis of DHS - 2M 
Sorbitol treated Tomato Leaves 



Before 
treatment 



Treated 
with 
water 
for 6 hr 



Treated 
with 
sorbitol 
for 6 hr 



RNA 




Northern 




FIG. 8 
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NORTHERN ANALYSIS OF DHS 
TOMATO LEAF CHILLING EFFECTS 



CHILLING 3 DAYS, 

REWARM 1 DAY, 
BEFORE CHILLING 2 DAYS CHILLING 2 DAYS CHILLING 6 DAYS 
CHILLING REWARMING (hr) REWARMING (hr) REWARMING (hr) 

0 6 24 0 6 24 0 6 24 



RNA 




Northern 



FIG.9A 




FIG.9B 
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FIG.9C 
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Canation DHS cDNA Sequence 

G TCATTACAATG CATAGGATCATTGCACATGCTACCTTCCTCATTGCACTTGAGCTTGCCATA 
CT TTTGTT TTTGACG TTTGAT AATAATACTATGAAAATATTATG I I I I I I CTTTTGTGTGTTG 
GTGTTTnGAAGTTGTTTTTGATMGCAGMCCCAGTTGTTTTACACTTTTACCATTGAACTA 
CTGCMTTCTAAMCTTTGTTTACATTTTMTTCCATCAMGATTGAGTTCAGCATAGGAAAA 
AGGATGGAGGATGCTAATCATGATAGTGTGGCATCTGCGCACTCTGCAGCATTCAAAAAGTCG 

MEDANHDSVASAHSAAFKKS 
GAGMTTTAGAGGGGAAMGCGTTMGATTGAGGGTTATGATTTTAATCAAGGTGTAAACTAT 

ENLEGKSVKIEGYDFNQGVNY 
TCCAMCTCTTGCMTCTTTCGCTTCTAATGGGTTTCAAGCCTCGAATCTTGGAGATGCCATT 

SKLLQSFASNGFQASNLGDAI 
GAAGTAGTTAATCATATGCTAGATTGGAGTCTGGCAGATGAGGCACCTGTGGACGATTGTAGC 

EVV NHMLDWSLADEAPVDDCS 
GAGGMGAGAGGGATCCTAMTTCAGAGAATCTGTGAAGTGCAAAGTGTTCTTGGGCTTTACT 

EEERDPKFRESVKCK VFLGFT 
TCAMTCTTATTTCCTCTGGTGTTCGTGACACAATTCGGTATCTCGTGCAACATCATATGGTT 

SNL ISSGVRDTIR Y L V Q H H M V 
GAGGTGATAGTAACGACAACCGGAGGTATAGAAGAAGATCTAATAAAAGGAAGATCCATCAAG 

DVIVTTTGGIEEDLIKGR S I K 
TGCCTTGCACCCACTTTCAMGGCGATTTTGCCTTACCAGGAGCTCAATTACGCTCCAAAGGG 

CLAPTFKGDFALPGAQLRSKG 
TTGMTCGMTTGGTMTCTGTTGGTTCCGAATGATAACTACTGTAAATTTGAGGATTGGATC 

LNRIGNLLVPNDNYCKF EDWI 
ATTCCMTTTTAGATMGATGTTGGMGAGCAAATTTCAGAGAAAATCTTATGGACACCATCG 

IPILDKMLEEQISEKI LWTP S 
MGTTGATTGGTCGATTAGGAAGAGAAATAAACGATGAGAGTTCATACCTTTACTGGGCCTTC 

KLIGRLGREINDES'SYLYWAF 
MGMCMTATTCCAGTATTTTGCCCAGGTTTAACAGACGGCTCACTCGGAGACATGCTATAT 

KNNIPVFCPGLTDGSLGDMLY 
TTTCATTCTTTTCGCAATCCGGGTTTAATCGTCGATGTTGTGCAAGATATAAGAGCAGTAAAT 

FHSFRNPGLIVDVVQDIRAVN 
GGCGAGGCTGTGCACGCAGCGCCTAGGAAAACAGGCATGATTATACTCGGTGGAGGGTTGCCT 

GEAVHAAPRKTGMI ilggglp 
AAGCACCACATCTGCAACGCAAACATGATGAGAAATGGCGCCGATTATGCTGTTTTCATCAAC 

KHHICNANMMRNGADYAVFIN 
ACTGCCGAAGAGTTTGACGGCAGTGATTCTGGTGCTCGCCCCGATGAGGCTATTTCATGGGGC 

T AEEFDGSDSGARPDEAISWG 
AAAATTAGCGGATCTGCTAAGACTGTGAAGGTGCATTGTGATGCCACGATAGCTTTCCCTCTA 

KIS GSAKTVKVHCDATIAFPL 
CTAGTCGCTGAGACATTTGCAGCAAAMGAGAAAMGAGAGGMGAGCTGTTAAMCTTTTTT 

LVAETFAAKREKERKSC 
GATTGTTGAAAMTCTGTGTTATACMGTCTCGAMTGCATTTTAGTMTTGACTTGATCtTA 
TCATTTCMTGTGTTATCTTTGAAAATGTTGGTAATGAAACATCTCACCTCTTCTATACAACA 
TTGTTGATCCATTGTACTCCGTATCTTGTMTTTTGGAAAAAAAAAACCGTCTATTGTTACGA 
GAGAGTACATTTTTGAGGTAAAMTATAGGATTTTTGTGCGATGCAAATGCTGGTTATTCCCT 
TGAAAAAAAAAAAAAAAAAAAA 

(1384 bps. not include Poly A tail and 5 'end nocoding region. 
373 Amino Acid.) 

FIG. 10 
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Northern Analysis of WT AT Aging Leaves 



Week 
Northern Blot 




RNA Gel 




FIG.1 1 




FIG. 12 



Tomato eif5A 



AAAGAATCCTAGAGAGAGAAAGGGAATCCTAGAGAGAGAAGCATGTCGGACGAAGAACAC 

M S D E E H 
CATTTTGAGTCAAAGGCAGATGCTGGTGCCTGAAAAACTTTCCCACAGCAAGCTGGAACC 
HFESKADAGASKTFPQQAGT 
ATCCGTAAGAATGGTTACATCGTTATCAAAGGCCGTCCCTGCAAGGTTGTTGAGGTCTCC 
IR KNGYIVIKGRPCKVVEVS 
ACTTCAAAMCTGGAAMCACGGACATGCTAMTGTCACTTTGTGGCMTTGACATTTTC 
T SKTGKHGHAKCHFVAI D I F 
AATGGAAAGAAACTGGAAGATATCGTTCCGTCCTCCCACAATTGTGATGTGCCACATGTT 
NGKKLEDIVPSSHNC D VPHV 
MCCGTACCGACTATCAGCTGATTGATATCTCTGMGATGGTTTTGTCTCACTTCTTACT 
NRTDYQ LIDISEDGFVSLLT 
GAAAGTGGAAACACCAAGGATGACCTCAGGCTTCCCACCGATGAAAATCTGCTGAAGCAG 
ESGNTKDDLRLPTDENLLKQ 
GTTAAAGATGGGTTCCAGGAAGGAAAGGATCTTGTGGTGTCTGTTATGTCTGCGATGGGC 
VKDGFQ EGKDLVVSVMSAMG 
GAAGAGCAGATTAACGCCGTTAAGGATGTTGGTACCAAGAATTAGTTATGTCATGGCAGC 
E EQ I NAV KD VGTK N 

ATMTCACTGCCAMGCTTTAAGACATTATCATATGCTAATGTGGTACTTTGATATCACT 
AGATTATAMCTGTGTTATTTGCACTGTTCAAAACAAAAGAAAGAAAACTGCTGTTATGG 
CTAGAGAMGTATTGGCTTTGAGCTTTTGACAGCACAGTTGAACTATGTGAAAATTCTAC 
I I I I I I I I I I I I GGGTAAMTACTGCTCGTTTMTGTTTTGCAAAAAAAAAAAAAAAAAA 

764 bps. not: including Poly (A) tail; 160 amino acids 



FIG. 13 
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Carnation- F5A 



CTCTTTTACATCAATCGAAAAAAAATTAGGGTTCTTATTTTAGAGTGAGA 

GGCGAAAAATCGAACGATGTCGGACGACGATCACCATTTCGAGTCATCGG 
MSDDDHHFESSA 
CCGACGCCGGAGCATCCAAGACTTACCCTCAACAAGCTGGTACAATCCGC 

DAGASKTYPQQAGTIR 
AAGAGCGGTCACATCGTCATCAAAAATCGcCCtTGCAAGGtGGTTGAGGT 
KSG HIVIKNRPCKVVEV 
TTCTACCTCCAAGACTGGCAAGCACGGTCATGCCAAATGTCACT7TGTTG 

STSKTGKHGHAK CHFVA 
CCATTGACATTTTCAACGGCAAGAAGCTGGAAGATATTGTCCCCTCATCC 

IDIFNGKKLEDIVPSS 
CACAATTGTGATGTTCCACATGTCAACCGTGTCGACTACCAGCTGCTTGA 
HNCDVPHVNRVDYQLLD 
TATCACTGAAGATGGCTTTCTTAGTCTGCTGACTGACAGTGGTGACACCA 

ITEDGFVSL LTDSGDTK 
AGGATGATCTGAAGCTTCCTGCTGATGAGGCCCTTGTGAAGCAGATGAAG 

DDLKLPADEALVKQMK 
GAGGGATTTGAGGCGGGGAAAGACTTGATTCTGTCAGTCATGTGTGCAAT 
EGFEAGK DLILSVMC AM 
GGGAGAAGAGCAGATCTGCGCCGTCAAGGACGTTAGTGGTGGCAAGTAGA 

GEEQiCAVKDVSGGK 
AGCTTTTGATGAATCCAATACTACGCGGTGCAGTTGAAGCAATAGTAATC 
TCGAGAACATTCTGAACCTTATATGTTGAATTGATGGTGCTTAGTTTGn 
TTGGAAATCTCTTTGCAATTAAGTTGTACCAAATCAATGGATGTAATGTC 
TTGMTTTGTTTTATTTTTGTTTTGATGTTTGCTGtGATTGCATTATGCA 
TTGTTATGAGTTATGACCTGTTATAACACAAGGTTTTGGTAAAAAAAAAA 
AAAAAAAAAAAA 

790 bps, 160 amino acids 



FIG. 14 
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Arabidopsis F5A 

CTGTTACCAAAAAATCTGTACCGCAAAATCCTCGTCGAAGCTCGCTGCTGCAACCATGTC 

M S 

CGACGAGGAGCATCACTTTGAGTCCAGTGACGCCGGAGCGTCCAAAACCTACCCTCAACA 

DEEH HFESSDAGASKT YP QQ 
AGCTGGAACCATCCGTAAGAATGGTTACATCGTCATCAAAAATCGTCCCTGCAAGGTTGT 

AGT IRKNGYIVIKNRPCKVV 
TGAGGTTTCAACCTCGAAGACTGGCAAGCATGGTCATGCTAAATGTCATTTTGTAGCTAT 

EVSTSKTGKH GHAKC HFVAI 
TGATATCTTCACCAGCAAGAAACTCGAAGATATTGTTCCTTCTTCCCACAATTGTGATGT 

DIFTSKKLEDI VPSSHNCDV 
TCCTCATGTCAACCGTACTGATTATCAGCTGATTGACATTTCTGAAGATGGATATGTCAG 

PHVNRTDYQLIDISEDGYVS 
TTTGTTGACTGATAACGGTAGTACCAAGGATGACCTTAAGCTCCCTAATGATGACACTCT 

LLTDNGSTKDDLKLPNDDTL 
GCTCCAACAGATCAAGAGTGGGTTTGATGATGGAAAAGATCTAGTGGTGAGTGTAATGTC 

LQQIKSGFDDGKDLVVS VMS 
AGCTATGGGAGAGGAACAGATCAATGCTCTTAAGGACATCGGTCCCAAGTGAGACTAACA 

AMGEEQI N ALKDI GPK 
AAGCCTCCCCTTTGTTATGAGATTCTTCTTCTTCTGTAGGCTTCCATTACTCGTCGGAGA 
TTATCTTGT1TTTGGGTTACTCCTATTTTGGATATTTAMCTTTTGTTAATAATGCCATC 
TTCTTCMCCTTTTCCTTCTAGATGGTTTTTATACTTCTTCT 

754 bps. not including Poly (A) tail: 158 amino acids 



FIG. 15 
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Northern Analysis of WT AT DHS and F5A 

Aging Leaves 
Week 5 6 7 




FIG. 16 
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Northern Analysis of Ripening Tomato Fruit 




fig . 1 7 
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Northern Analysis of sorbitol-treated tomato leaves 

C S 





FIG. 18 
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Northern Analysis of Tomato Flowers 



Open & 
Flower senescing 
Buds flowers 




FIG. 19 
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Northern Analysis of chill-injured tomato leaves 

Chilling (5°C) treated 6 days 
Before rewarming (hr) 




FIG. 20 
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Arabidopsis 3' -end DHS for anti sense 
Nucleotide and derived amino acid sequence 

TGCACGCCCTGATGMGCTGTGTCTTGGGGTAAMTTAGGGGTTCTGCTAAMCCGTTMGGTCTGCTTTT 
ARPDEAVSWGK IRGSAKTVKVCF 

TMTTTCTTCACATCCTMTTTATATCTCACTCAGTGGTlTrGAGTACATATTTMTATTGGATCATTCTT 
LISSHPNLYLTQWF 

GCAGGTATACTGTGATGCTACCATAGCCTTCCCATTGTTGGTTGCAGAAACATTTGCCACAAAGAGAGACC 
AMCCTGTGAGTCTMGACTTMGMCTGACTGGTCGTTTTGGCCATGGATTCTTAMGATCGTTGCTTTT 
TGATTTTACACTGGAGTGACCATATMCACTCCACATTGATGTGGCTGTGACGCGMTTGTCTTCTTGCGA 
ATTGTACTTTAGTTTCTCTCMCCTAAMTGATTTGCAGATTGTGTTTTCGTTTAAMCACMGAGTCTTG 
TAGTCMTMTCCTTTGCCTTATAAAATTATTCAGTTCCAACAAAAAAAAAAAAAAAA 



Nucleotide sequence 

TGCACGCCCTGATGMGCTGTGTCTTGGGGTAAMTTAGGGGTTCTGCTAAMCCGTTMGGTCTGCTTTT 
TMTTTCTTCACATCCTMTTTATATCTCA^ 

GCAGGTATACTGTGATGCTACCATAGCCTTCCCATTGTTGGTTGCAGAMCATTTGCCACAAAGAGAGACC 
AMCCTGTGAGTCTMGACTTMGMCTGACTGGTCGTTTTGGCCATGGATTCTTAMGATCGTTGCTTTT 
TGATTTTACACTGGAGTGACCATATMCACTCCACATTGATGTGGCTGTGACGCGMTTGTCTTCTTGCGA 
ATTGTACTTTAGTTTCTCTCMCCTAAMTGATTTGCAGATTGTGTTTTCGTTTAAMCACMGAGTCTTG 
TAGTCMTMTCGTTTGCCTTATAAAATTATTCAGTTCCAACAAAAAAAAAAAAAAAA 

ARPDEAVSWGKIRGSAKTVKVCFLISSHPNLYLTQWF 



FIG. 36 
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600 bp Arabidopsis Deoxyhypusine Synthase Probe 

Primerl (underlined) 

G6TGGTGTTGAGGMGATCT CATAAMT6CCTTGCACCTACATTTAAAfiRTRATTTrTr.Tr.TArrTCf;ARr 

TTATTTAAG 

GGVEEDLIKCLAPTFKGDFSLPGA 

Y L R 

GTCAMGGGATTGMCCGMTTGGGMTTTGCTGGTTCCTMTGATMCTACTGCMGTTTGAGGATTGGA 

TCATTCCCA 

SKGLNRIGNLLVPNDNYCKFEDWI 

I P 

TCTTTGACGAGATGTTGMGGMCAGAMGMGAGMTGTGTTGTGGACTCCTTCTAAACTGTTAGCACGG 

CTGGGAAAA 

I FD EMLKEQKEENVLWTPSKL LAR 

L G K 

GAMTCAACMTGAGAGTTCATACCTTTATTGGGCATACMGATGAATATTCCAGTATTCTGCCCAGGGTT 

AACAGATGG 

EINNESSYLYWAYKMNIPVFCFGL 

T D G 

CTCTCTTAGGGATATGCTGTAT1TTCACTCTTTTCGTACCTCTGGCCTCATCATCGATGTAGTACAAGATA 

TCAGAGCTA 



SLRDMLYF HSFRTSGLI IDVVQDI 

R A 

TGMCGGCGMGCTGTCCATGCAMTCCTAAAAAGACAGGGATGATAATCCTTGGAGGGGGCTTGCCAAAG 

CACCACATA 

MN GE AVHANPKKTGMI I LGGGL PK 

H H I 

TGTMTGCCMTATGATGCGCMTGGTGCAGATTACGCTGTATTrATAAACACCGGGCAAGAATTTGATGG 

GAGCGACTC 

CNANMMRNGADYAVFINTGQEFDG 

S D S 
GGGTGCACGCCCTGATGAAGC 
G A R P D E 
Primer 2 (underlined) 
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483 bp Carnation Deoxyhypusi ne Synthase Probe 

GMGATCCATCMGTGCCTTGCACCCACTTTCAMGGCGATTTTGCCTTACCAGGAGCTCAATTACGCTCC 

AAAGGGT 

RRS IKCLAPT FKGDFALPG AQLRS 

KG 

TGAATCGMTTGGTMTCTGTTGGTTCCGMTGATMCTACTGTAMTTTGAGGATTGGATCATTCCAATT 

TTAGATA 

LNRIGNLLVPNDNYCKFEDWI IPI 

L D 

AGATGTTGGMGAGCAMTTTCAGAGAAAATCTTATGGACACCATCGMGTTGATTGGTCGATTAGGAAGA 

GAAATAA 

K M L E E Q I S E K I L W T P S K L I G R L G R 

E I 

AGGATGAGAGTTCATACCTTTACTGGGCCTTCMGMCMTATTCCAGTATTTTGCCCAGGTTTAACAGAC 

GGCTCAC 

NDESSYLYW AFKNNIPVFCPGLTD 

G S 

TCGGAGACATGCTATATTTTCATTCTTTC 

GCAGTAA 

LGDMLYFHS FRNPGLI IDVVQDI R 

A V 

ATGGCGAGGCTGTGCACGCAGCGCCTAGGAAAACAGGCATGATTATACTCGGTGGAGGGTTGCCTAAGCAC 

CACATCT 

NGEAVHAAPRKTGMI ILGGGLPKH 

H I 

GCMCGCAMCATGATGAGAMTGGCGCCGATTATGCTGTTTTCATCAACACCG 
CNANMMRNGAD YAVFINT 

A full-length cDNA clone was obtained by screening a carnation 
senescing petal cDNA library with this probe. 
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Blossom end rot Normal 




FIG.40B 



